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By: R.Kii. YAk:kV hnd S.. A.iiEEV

S. .Z OV V' Medico-Ui.itary Academy (avarded Order of Zenin),

Leningrad, Faculty of Epidemiology and Die . .e'.:on

(Received July 23, 1960)

ý'Tranalateo by: Edward Lacnowicz, Maryland, "edlcal-Legal Foun-

dation, Inc., 700 Fleet, BaultZimore, Maryland, 2 12j2)

The detection of botul:ina toxin in foodstuffs is of great

importance for t.se prevention of ootulisz. Actually, tn.e only re-

Iabet and pr:-t,.cally tw.e orl:, available :netho. of diagnoe>-ý is

"1..e triogi.•a ; ýat , .. ite i;ce, or guinea pigs. -.-v now, numerous

.irzvenent. i,. the Otoo • test have been pjropose! an3 they

; erTt li to speea up c .•i'teraby tte time of detection, blt, If

we ieal with a low corcent:Eatlon oa toxin in daily food products,

e'j " ,: to 18, or even zore nours are required for the iscovery

uf tczi.. Various mostods in vitro (MUT!ErViN et al.) suggested for

iet•ction :" botulinal toxin so far failes to iinr. a se:.ertl ac-

ceitince due ,. cumberdome researct work an- r.nrelilabillty '.f the

reouits obtained.

For t:.s purpose of deturmiraticn of bot.in toxin ir. food

products, RYT6AI ýRYCAJ - correctly, proposee iuite rt ently a

modified reaction of the indirect hemagglutInation an,!, t.is, he
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raised again the queption of advisability of the reaction in vitro.

According to his opinion, erythrocytes are not sensitized with

-- antigen, but with antibodies. Moreover, be used processed erythro-

* cytes with tannio acid In a tenfold concentration, as compared with

the universally adopted concentration (1;2,000); he also made certain

changes in the pH of salt solutions used in the reaction and in the

concentration of the normal serum added. According to the findings

of RYTSAI, the indirect hemagglutination reaction (in hic modifl-

cation) is even more sensitive than the biological test.

Having reproduced exactly the method of RYT6AI, we obtained

negative results from the indirect hemagglutination reaction with

botulinal toxin. In connection with this, certain changes were

introduced to the procedure of the reaction and they w -re fully

confIrmative. It should be nuted that two reports were publIshed

.n the Zhurn. MiKrobiologil, Ep~demiologiL I Immunologii, No.3 and

4, '9•C. Ore is that of SNITSYN, who checked the buggeations of

hYTSAI and obtained encoura4flw results. SINITSYN introduced a

series of changes to the reaction and thus Increased its aenai-

tivity. The report of SINITSYN was published already after the

completion of our experiments and we found that it contained some-

what different teohnica] recommendations in comparison with ours.

In the first aeries of experiments we perfurme! a preparatory

processing (sensitization) of tanned erytbhrocytee with toxins in

varxous concentrations. Evidently, the variant used wh Anaultable,

thus we were compelled •as %YTSAI suggested) to try the it.lrect

hemagglutination reaction with erythrocytes previously processed
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with antibotulinal sera of the A and B types. We tested in these

experiments various series of therapeutic and diagnostic1) anti-

toxic sera. We always obtained negative results from the indirect

homagglutination reaction while using unpurified sera in spite of

the presence of some obvious preventative fuctor In the biological

test. Therefore, we used only therapeutic sera purified by the

Diaferm-3 methods (MXCHNIKOV'S Institute of Vaccines and Sera,

Moscow) and they proved fully satisfactory. Apparently, the negative

results obtained with crude antitoxic sera can be explained by the

presence of albumin in the sers, which, as is well known, exerts

an inhibitory effect on the indirect hemagglutination reaction

(h'ETKR et al.).

We conducted cur experiments with botulinal toxins type A and

B of different series aic in vtrioua concentrationB.

In accordance witn tne fina2l technique 1r. detection of botulinal

toxin by way of the hemaggiutination reaction, we mixed In a physio-

logical solution in equal propcrtionr a 2.5j suspension of sheep

erythrocytes (washed until hemolytic fluid disappeared completely)

with a tannin solution (1:20,00C); then, we kept thip for IC minutes

at 37 0 C. Subsequently, we washed erythrocytes free of tannic acid

once. using physiological solution. Two batches of C.1 ml each of

the washed erythrocytes were saturated with 3 ml of therapeutic

antibotulinal sara of the A and B types respectively (concentration
1:10) in a phosphate buffered physiological solution (pF= 6 .4); the

--------------------------------------------------- --------------------------
1) - The latter were kindly off.ýered by ý. I.MATVEEV and T . I. BITLATCVA

(GAvAI'S Institute of Epidemiology and Microbiology, Academy

of Medical Sciences,USSR)
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type A serum contained 7250 BU in 1 ml and serum B 2500 BU. The

saturation was accomplished at 37 0 C in 50 minutes, whereupon erythro-

cytes were washed twice in a physiological solution (nonbuffered)

containing 1% inactivated normal rabbit serum (inactivation effected

in 30 minutes in a water bath at 56 0 C). Prom the processed and

washed erythrocytes a 2% suspension %as prepared in a phosphate

buffered physiological solution (pH=7.O) with 0.4% of normal rabbit

serum added. Then, 0.1 al portion of the mentioned suspension was

added to each test tube contaiLing the toxin. Twofold dilutions

of the latter were prepared in advance in series beginning with

1:1,000 up to 1:10,000 in a phosphate buffered physiological so-

lution (pH- 7 .0) with 0.4% of normal rabbit serum added. Having

placed in test tubes 0.5 ml of the toxin of each dilution, tte

contents of the test tubes was agitated and stored at 37 0C for 60

minutes. The checking of the results followed immediately after.

It ia necessary to fulfill exactly the recommendations concerning

the use of buffered and nonbuffered physiological solutions, also

the pH level and the concentration of normal rabbit serum that pre-

vents the spontaneous agglutination of erythrocytee after processing

with tannic acid.

The results of the experiments proved a high 8enslitivity of the

indirect hemagglutination reaction. Thus, we succeeded in deter-

mination of the toxin type A in a concentration of 1:320,0C, (DIm

for white sice 1:500,000). At the same time we fourd that erytbro-

cytes processed with serum B were also agglutinated by the type A

toxin, although to a lesser degree (Table 1).

-4--
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As we know, the botulinal toxin can evoke a nonspecific Rggluti-

nation with nonsensitized erythrocytes (LAWARNA). Thus, it can be

assumed that cross reactions are specifically caused by this circum-

stance: the agglutination effect develops in the presence of high

coacentrations of toxin and, as the concentration decreaaes, the

effect gradually dlsappears. RYTSAI and later 31,UTSYN recommended

that, in orde*o prevent a side nonspezific hemagglutination effect

of botulinal toxin, one has to process (deplete) the toxizs with

erythrocytes beforehand. Apparently, this recommendation is based

on erroneous analogies with various immunological reactions calcu-

lated to saturate immune agglutinating sera. An experimental test

with a prior depletion of toxins with erythrocytes proved that no

simultaneous changes occurred in the character of the subsequent

indirect hemagglutination reaction, i.e. the depleted and the usual

toxins showed quite alike behavior (Table 2).

In order to prevent cross reactionD between the toxins of the

A and B types, we accomplished a depletion of the therapeutic anti-

toxic sera with erythrocytes to which we previously adsorbed toxins

of heterologous types. But, this method also proved unsuccessful and

the cross reactions still persisted. Evidently, they are linked

either with the presence of general antigens in toxins of the A and

B types, or with the familiar polyvalency of the industrially pro-

duced sera. Our efforts to eliminate the polyvalency of the sera

proved ux'succeesful.

With the progress of our experiments we tried to establish

the possibility of using the indirect hemagglutination reaction for

-- 6I-
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detection oi botulinal toxin in .ndustrial sausage manufacture. We

used for this purpose a 5 ga portion of the product, which we cut

into small pieces and, placin• ttem in a small mortar, we poured

over them 3 al of botulinal toxin, either type A or B 'we used

toxin&' series of different strength in our experiments) knd left

standing at coom temperature for 5 minutes. Next, we added to eacL

mortar 10 to 20 al of phosphate buffered physiological solution

(pH-7.0) with 0,4% of normal rabbit serum and we triturated this

carefully. Then, we centrifuged the obtained susoension at 2,OOC

revolutions per minute for 5 to 10 minutes. We used the superna~ant

fluid (extract) in 0.5 ml volu-nes for the indirect homagglutination

reaction. Then. we used for control purposes a pure toxin in ap-

proximately the same concenzration (allowing for the volume of fluid

used to obtain the extract) ani also an extract o0 sausage uninfect-

so.

In addition to the direct infection or sausages with botulinal

toxins types A and B, we also Infected sausages with a 5-day culture

of Cl. botulinum type A (strain No.98) and B (strain No.255). After

the infection, sausages were stored in an incubator at 37(1C for 7

days and then for 1V2 to 2 weeks at 8 to 100C. In these instances

the extract for the indirect hemagglutina,.ion reaction was prepared

according to the aforedescribed method.

The same extract was administered to white mice intraabdominally

in I al doses for control purposes. During 30 minutes prior to ad-

ministration of the extractsome white mice were administered sub-

cutaneously type A and B sera (500 BU each). The otservation of in-

-- 8--
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Table 3

Determination of Toxin in Bolled Sausage FollowInx Infection Witb

Botulin•e Toxin

L;nimý. concentratior. of extract at which a
Type of ad- Type of tet"ction of toxin ociarred

ministered serum Reaction of indirect itoxin h.ezn•Aw ut in~at on !•~ola el

A1.16 1: 5C

B 1:4 N eg.ative

A 1:4 1  Whole extract

B 1:8 Whole extract

A Negative Newative

B N egativa Negati e

:etermLatlon of Toxin Ii, af-•moyed aauaa, FollowinI1 :.fection

Nitn Sporea of .1Z. !otrullnum Tylrce A aria

oinimal concentration of extract at which

ministered Type of detection of toxin occurred

merug tRare0 eaction of indirect BlulCt.1 test
hemagglutimnation

S1:64 W hole extract

B 1 : 32 N Negative

A 1:8 g :ie-ative
B -

B 1:8 Negative

Q -- 9 --



fected animals lasted a •ayb.

Type A toxin was detected wi-h the aid of the indirect hmmag-

glutination reaction even after the extract had been diluted 16 tines

(Table 3); the reaction proved positive also with erythrocytes that

were sensitized with the eerum type B (1:4 concentration of the

extract)

In other words, also in these experiments we failed to obtain

a clear differentiation of the A and B types of botulinal toxin by

means, of the indirect hemagglutination reaction. At tne same time,

toe bioloical test on white mice conducted simultaneously with the

indirect hemagglutination react.crn permitted us to detect type A

toxin when the extract was diluted 50 times; ¶nua, the biological

teot provea to te more nensitive in this case. ?,irther=Qre, we also

succeeded in differentiation ot t:;e type of toxin, because the type 0
1ý serum did not exert a preven-.ative effect. We detected type B

toxn by the i.cirect hmagelutirnation reaction wher. the concent-

ration o! the extract was I:b with the serum type B, and 1:4 with

tr.e serum type A. It shourld be mentioned that although it.e Indirect

nemag6lutination reaction dic not permit us (also in t1is case) to

differentiate clearly the type of toxin, yet it prove- to be more

oer.sitive than the tiolo,:Ical teat: teath of ar.imalb, which kid not

r.-ceivva a "erun anLection, resulted only after infection with whole

extract. We a,8r *'aile, to obtain a differentiation of the type B

t'xln by means of tnoe t•&.. test.

Control testa wiUL! t:.e extract from not contaminatea sausage V

proved the absence of toxin is, ti,e xnairect hema~glutination reaction

-- 10 --



"and in the biological test.

In Investigation of the saueage infected with cultures of C1.

botulinum types A and B, the indlrect hcra~glutination reaction was

more Bdnsitive than the biological t•v;t (Table 4). Apparently, a

partial (A) or complete ýý) duatr:ction of the toxin occurred during

storage of the product, although tne antigen conponents that par-

tlcipated in the indirect nemagglatir.ation reaction, were preserved.

Tn@ above data prove that the indirect Lez-aelutination reaction

can be used for retrospective clagnnela after tne tiological test

has already produced negutive results.

C onclusiorB

1. The aidý.rect he;.ia.wlutination reaction was sufficiently

0 =.:nal8tve and It maie posauible to detect botji>•a1 toxin in sausage

,,r.).1ucts Rwit.in 3 hoiLra, wh.le r, .ass than 16 to 24 hours are re-

, .,' to a ý-i) ti.h • *ith th) bloowoica. test.

:.e indirect heraagglutintion reaction is specific, although

_ts practically 1;npo-ltle to affect the differentiation of the

A ant ri types of b~tullnal toxins by means of the industrially pro-

lsced uera.
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u•wnmary (copied)

Dath are preeented on the use of the Ind-reot remagglutination

reaction for letermination of botulism in hausage4. The reaction

proved to be aufficientij sensitive 'in practae it waz a3 sensitive

a3 the biological test on anirnatls); however, it wai iL;p)rsslble to

differentiate botuline of the A anri B types with Vie aid of the

existlng aera. Indirect heza.4utination reaction may evliently be

used for retrospective diaanoais when the biologica test may have

al-qady given a negative re.-ilt.
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